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METHOD FOR LOCATION OF MOBILE 




The invention is concer(ied with 



a;methpjd for^locatio i of mobile stations within a 



mobile network Including mobile istation 



I. *:• 



TECHNICAL BACKGROUND 



Location based service for mobile stlt^ons are ex >ected to play an important 
10 role in future applications of wireless ^systiems: Examples of such services are 

i. i* • - i ■ . \ 

emergency services, road asslstanc^^,} location bjased yellow pages, traffic 
information etc. [• 



STATIONS IN A MOBILE NETWORK 



1 ^008 



pnd base stations 



•I 



itSon of the 



teditowarps the United States Federal 
to position emergency 91 1 



A wide variety of technologies for 
developed. Many of thejbe have ^qen 
Communication Commission (U|S\;FCGn irequiremen 
callers with high accuracy. These teGnnologies can be classified Into external 
methods or cellular sysfem based metfjipds- Ari; example of an external method is 
the Global Positioning System ($PS). vffle cellular system based methods can be 



20 further categorized depending on Whethsr it Is: the 
that makes the necessary signal measurements 



themselves may consist of the 
mobile station, angle of arrival or -rounakrip delay m 



mobile stations have been 



s re 



irrie 



Irriyali of sigr|als from a base station to a 
sasurements of signals from 



a serving base station to a mobile' statioh, t>r combinations thereof. 



Most methods require-: hardware^ in 
addition. Location Measuremer^ Units 
obtain knowledge abolut the rb(atlv€ 
different mobile stationis. This means 
30 cost for Investing in new equipnjieht. T 
methods. j 



etwork or the mobile station 
The signal measurements 



!f 

\p: mc|b]le s^tion or in the network. In 
li/IUs)::are r squired in some methods to 
time jlifferer ces for sending signals to 
at.thfejoperrtor is faced with an upfront 
]s: applies for both network and MS based 
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I... 



For many location based servicep.lt is e: 
higlner is sufficient For^these types oj 
equipment cannot be easily judtified. 
attractive choice. The operator may initial 
and tlien invest in new infrastructure as 



For these reasons it is pf interestlito i 
network impact The currently available 
Includes the serving c^ll ident 
reports. The timing advance is 
signal from the mobile station to 



tyi tini 
an eiti 



obcteTd that accuracies of 500 m or even 



Isferyli^s, investments in new expansive 
ution is probably the most 



phased so 



y offer ser\|ices based on low accuracy 



e revenues 

: 3"- 



i 



;the b^se 



frorn the serving base: station! to th^f rhobi|e^^ can be estimated. The 

measurement reports contain thie < estimates of the signal strengths and 



identities of the neighboring base .statidms 



Time of Arrival (TO A) measurements teeasute the 



mobile station and a base 



measurements measure the diffefenoe 



mobile station and two <tifFerent 



station 



grow. 



t can be done with minimal 



estigate whi 

etwoHc infer nation (relevant for location) 
advance and the MS measurement 
late *of the transmission time (i,e. the 



statin) by means of which the distance 



the base stations are |^hen used; 
station. This procedure usin^.:; wel 
triangulation. ] 



base _.- 
d;:to cjalcujate 1 



-iknO\A/n geometric equations is called 



In a TOA measuring 'procedures sh 



25 connected to at least three bas!e>:Stati! 



i|stan?p;of th^^ 
gsihg tile Timo 



statibr^:8S1 d 



position of the mobile station MS,.;the 
the three base stations!: is measiired 
The measured distance^ R1 fronp base! 
base station BS1. and l the mobilib stalidjn: is ideated 
circled. Likewise, distances Roland) R3 are j^^ 
and BS3, respectively, thereby defihingitflie cirdes 



1 



the ectuai position of the mobile 



7- 



n jin j: figure 
1^ B$1 - 



ransmlssion time between a 



Tinrj^; D'iffsrence of AmVal (TDOA) 
of t|)e trarsmission time between the 
ion;^. The neasurements received from 



1, a mobile station MS is 
B$3. In order to determine the 
mobile station from each of 
of Arrival (TOA) technique, 
fines a circle C1 around the 
somewhere along the 
from base stations BS2 
and C3. The Intersection of 
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circles! 



CI, C2 and C3 define 



technique is presented p the inthfhiatiorial pstent application WO 99/21389. 



In the Time DifPerenc^ of Arri^^l (TD|c|A) 
deti&rrhinations use TDC)A calcu 
(TOA) measurements. In this m« 



at or near the point wh4re a pliii cility of 



Such a method is presented in tridjintemfifitional patent application WO 99/29130 



10 The two most commoih locaticilii)j:fnethoas 



yibns wHjeh 
iidd, theipto 



ar 



Difference of Arrival mesthod (DL 
(UL-TOA). The DL-OTC^OA metljldd ls t^44<^ 
mobile station (MS). | 



1 5 Figure 2 illustrates howl DL-OTD; tjifK workfe.i Of DOAs 



two blase stations forrn a hyp^jrlipla, n 
station SBS and two ^neighbbu rj base 
outside the dotted line^n the hvjserboles 
Wheni three or more base static | if .(BS >) 



3 i. 



thie locatio 



dtDOA" 



the intersection of thes^ hyperbic fi^s. In 
time aligned transmissions frG|ri] .the 



(RTDs) have to be known if thfsi base 



global time reference. fThese 

some: of the base stations (BSs] 

■ ■ i 

: 'i 
I 

UL-TOA works in a iisimllar 
measurements on a signal trani 



The accuracy of the method de 

'• s J- 

but a]so on the relative positijt 

involved. The accurapy can 



anner 



ends opje.g 



irii/of the mobile sCation and the base stations 



:bf thi3 mobile station MS. This 



iriB the 




easuring technique, the position 
are furt ler based on Time of Arrival 



:i6n of the mobile station is located 



nyjpe^pllc s res cross over one another. 



Down-link Observed Time 
the UjjMink Time of Arrival method 
)ri mes surements performed by the 



be obtained e.g 



ei^c^pt tha 



itted bVith4 



be very 



of the signals received from 
figurej there is one serving base 
ns NliSI and NBS2. The areas 
inc(ipates a measurement error margin. 
arei;^vaila|le, the MS will be located in 



otkler id compensate for the possibly non- 
drffenerit BSs, the real time differences 



Stat 



I r 



|ns ar€ not synchronized e.g. to a 
- »by having LMUs in at least 



pijbr for 



I-' 
I. 

11 



MS. 



^1 

J. 
I •} 



A is the BSs that make 



the curacy of the measurements 



some configurations. This 



m 



Ill ill 



I li !■ 1 1- 
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phenomena is called Geometric^ I jPilution oT 



GDOP 



the measurements. 



J 



The object of the invention is to 

•I 

stationis in connection v^lth 
needed. 1 



1 0 SUMMARY OF THE INVENTIOI? 



The method of the jinventior^ 
characterized in that tw|o or mo 



minimizing a cost-functrbn, wh[clji||s achfc 
equations, whereby in ^ach equisitlon the 

of the location of a i base Station 

I 

measurements. ;| 



The signal measuremejiits can 
reciving times of signals from bsl^l: 
system and possibly F^ound Ti 
Time Js the transmission time of 
and back. Whether thej measurei 



some other base staticjn or ba^j 
case and the decision might depShd 

: :j 

of theisystem etc. i 



The location of the imobile 
dimensions, in practicejby two 



The number of equatiojis needeqj 



develop a sirhpler niethod for location of mobile 
unsyhchronieed li>as^^ stations wherein no L,MUs are 



oerfornied 



is defined as the accural of fh^ j^bsHion 



o!:ati:n 



e 



statiqnB is 
or^ e.g 



depend^: 



(GDOP). Mathematically, 
divided by the accuracy of 



s.t£|[dns 



of |mobile stations is mainly 
a^ located simultaneously by 



byjithe r lobile stations and consist of 
statibrls^ Itp the system to mobile stations in the 
Jim4 j[Fnjf).me^urements- The Round Trip 
a motile station to the base station 
RTT t| the serving base station or 
iperforiiied is decided from case to 
availatj e equipment, the complexity 



Isl ..dBsibribel by co-ordinates of given 
::q-brc jnates 



by means of a sufficient number of 
ion of i mobile station is a function 
net\Aork and performed signal 



the di nension of the co-ordinates, 



P3g(|;i2t)0ji 
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the knowledge of Roun^ Trip Times (RTTs) 
The numbert of mobile stations negdeld to b^ 
number of base stations depend oh the l^|np>Miedge 



and the dimension of the co-ordinailes ijsedifo^^ 



By positioning two or ijmore MS|; slmulsinpfpu^ 
requirement to have Lr|lUs when thp base 
context, simultaneously^ means thajt t^e 
enough in time so that j the BS clbpks hdiVe 



jsliations 



rieasurem 



1 . . 

10 this could mean for instance that :th^ rr 

about one minute. 



In the following, examines of somis preferab 
described by means ofsfigures. Ti^e inve it|lo|r|| 
details of these figures, iwhich are presented 



e^siiiremerits 



I fembddiments of the Invention are 



FIGURES 



i 



Fbtillu 



Ipjqsitionlr 

rid*!*''' 



Figure 1 presents an e^jample of a:prjbr art' 
Figure 2 presents an example of another Jprl 
Figure 3 presents an e^lample of an embc^dllni^pt 
Figure 4 presents slmufation results of the ilnslttiod 
prior art results. 



DETAILED DESCRIPljlON 



r* *: 



In th0 general case, vwth three oir- mpre^basel stations and two or more mobile 



30 stations, the mlnlmlzafjon of ai cbist-ftjnfA|o|i^ 

achiev 



stations. The cost-function cost-fCindtion 



Rrinted:02^^)4fe2p0lH 



IS 



M.' 



^simultaneously positioned and the 
►f Round Trip Times (RTTs) 
fi tocati&n of the mobile stations. 




it is possible to avoid the 
are unsynchronized. In this 
iJnts have to be made close 
^dt dri^ ed significantly. In practice, 
have to be made within 



ii is not 



i. 



isJ^a' 



I 



in any way restricted to the 
itive purposes only. 



g method. 
I art positioning method 
of me invention. 

the invention compared with 



the locations of the mobile 
id by means of a sufficient 
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measurements. 



6^ 



number of equations, vy^iereby in ea[ch| equaticp^the 1 )catlon of a mobile station Is 
a function of the location of a ba^|^fetid^i 1 11 Jie nitwork and perfomned signal 



I". 



unit such as meters or seconds) 
stations are given by the following fe^uatipnp 



s,ll=2'„-7; 



1 



nb 



In the general case, thci equatlons|)fih4|i5& [measured in some arbitrary 
una such as meters or secondslftetwejn J fee bJse stations and the mobile 



1 



' i.. 



where 

T|(=To.Ti... 

BS2... BSnb ) to mobilejlstation M^.j 
Tj,i (= Z2. X3 ... Tnm) the differ^rjqe in5tiitj|^base 



V "I' 
".".•■.1 



IV1S2.:MS3 ...MSnm). 

Ti + Ti denotes the transmission tirtie from)ijas|& stati 

Tg ( =: .Toi To2 ..Tonm ..ijnbnm ) Is the;!receiy|s:|me o|the signal from base station 
BSi to mobile station MSj ( = MS1 |i\ji^2..ivjipr 
Mj Is the co-ordinates ojf MSj, 
Bt Is the co-ordinates of BSj. 



30 nm denotes the numbdr of MSs, 



base station BSi ( = BS1. 
between MS1 and MSj+i. ( = 
n BSi to mobile station MSj. 
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25 




^■^v.ii I !•! 

nb denotes the number of base stations nriinuMtjne. 

Since the measurement^ are perfdrtned injtl'ii: time-pase of the mobile stations, 
the relations of the MS time-bases> -^iyen^t>y 
the mobile stations do hot have a;;tiQmnian 



5 Times (RTT) are availab Je, these aire khoyvn 



A mobile station can eHher be located by Iwi jr^r thr je coordinates, the optional 
cooTdihate representing the height .^TCitioriiroj^belnl necessary in all situations. 
Three coordinates are n jost importailt for exar j|>le orf mountains etc. 



The number of equationis should b^iarger^ br 



If for example the RTT fp one base ftatio^ jis 



of unknowns 5s nb + C 



15 wherein C denote the d mension of the cd^iprdiriates 



Whenithere is no RTT Wnown, the |iCifnbe| itpf 



The number of equations is nm *n^' 



The following tables show the |riUrhberj;!o[f 
unknowns for different 



^ual tc the number of unknowns. 

or all MSs, then the number 



nm -1, 



m ■ 



combinatioris;:©^ [riurinj 
includbd for the cases v/ith two- and thre&iidifne^^ co-ordinates and with and 
without knowledge about RTTs. 



I 



;i are additional unknown terms, if 
rirence. If The Round Trip 



$:nown 



iinkno>ft ns is nb + (C+1)*nm - 1 * 



The MS positions can riot be obtameiol by tlir^j^ly so 
practipe, there will bei measurement errpr§ 
satisfied simltaneously 
approach, e.g. with the 



• '.I 



2 or 3). 



iequal ons minus the number of 
b)^rs 0 ' MSs and BSs. Tables are 



ving the above equations. In 
so th A the equations cannot be 
instead, thbVposjitiibti lie found with a minimization 
least square: rnethod.. 



5 n.MS/|iBS 1 
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TABLE 1. The numbef of equati^r s minu 
Iwo-dfmensionat co-ordinates 4rei use^ arl^ 
from all the mobile stdltions is known 



^ 8i 



1 

2 
3 



-1 

-2 
-3 



-1 
-1 
-1 



10 ! TABLE 2. The number of equations m'inii 



two-dimensional co-o rdinates arii; 



n.MS/nBS 1 



1 
2 
3 
4 



-2 
-4 
-6 

-8 



-2 
-3 
-4 
-5 



0 
1 



v.',;-? 



3'-^ 



[015 



used 



TABLE 3. The number of equati^ja^ ni 
two-dimensional co-ordinates 
from iaii the mobile stations Is kiilQ'wn 



n.MS/nBS 1 



1 

2 
3 



-2 
-4 

-6 



-2 
-3 
-4 



TABLE 4. The number of equaiii 
three-dimensional corordinatesii 



n.MS/nBS 1 



-3 
-6 
-9 



-3 
-5 
-7 



-2 
-2 
-2 

-2 



4| 

.1,: 



ari' 



-2 
-2 

-2 



:-2 



4 

0 

2 

4i 



i:u$e 



the number of unknowns when 
the RTT to one base station 



;1 
4 

[7 



iis;the number of unknowns when 
anid the RTT to one base station 



0: 
1 6 
1-2 

V1 



-3 
-4 
-5 




r1 

|3 

r7 



;the number of unknowns when 
;the F^TT is unknown 



t4 



fhU^lthe number of unknowns when 
d the RTT fs unknown 



3:6 

1-3 
-r -1 



-3 

0 

3 
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From the tables it can be concluded 
simpler in the two-dimensional cas^JJ^ 




A ^ X XJiU^ 



The necessary requirement with _ 
is not the only condition for a 
when the geometry makes It imi 
degenerate cases, e.g. when the 
poor GDOP (Geometric Dilution of p^rjecisid^) 



riumber of equations vs unicnowns 

sucesfeful Idcsltjln. There exist degenerate ca[ses 
" ■ ■■ - 1 ■ 

p DSition the MSs. Trivial examples of 

;A/|$s sdib ve^ close to eachother will lead to 



10 In the 



figure 2, th^e' 
there are 



embodiemtn of 
possible case, In which 
base stations BS1, BS2 and BSO>;^ 
both of the mobile stations MS1 and; 



Both mobile stations MS1 and ^52 
signals (or Times of Arrival, T0A)5ftpi?n the 
the general case, Tg was the receiyifjg timip 
mobile station MSj. 



20 In the example of figure 2. it means 



time for the signal from base statiori-BSI 
MS1 IS the receiving time for the sig^nal/^on^ 



mobile I 



ms2. 



invehliish^ is implemented in the simplest 
Stations MSI resp. MS2 and tliree 
Y 'ia current serving base station for 



meastue 



that 



MS1,iT22 (not illustrated) measurecj^lby w|S2 
from base station BS2 to mobile ^^wtion;; 
MS1 is the receiving time for the sig nal fjibnh 
MSI, To2 measured by MS2 is th^OrBcelyins 
base station BSO to mobile statioiri jMS^^ 
receiving time for the signal from 4^3^^|se^|v(ih^ 
MS1 



the corinputations are significantly 



1^ uxo 



and report receiving times of 
stations BS1, BS2and BSO. In 
if |he signal from base station B3i to 



^ i . :■: 

||ieasured by MS2 Is the recefvlng 
ririBbile station MS2. T21 measured by 
|ase station BS2 to mobile station 
s the receiving time for the signal 
I Til (!not illustrated) measured by 
base station BS1 to mobile station 
:|ne foi- the signal from the serving 
4jid To| measured Ipy MS^ is the 



^ase station BSO to mobile station 



■1 



• 




10 



15 



20 



30 



Therefore, the mobile station MS2: 
station MS2 is located somewherf: 
serving base station BSjD and T02 
somewhere on the circle defined by. 

and Toi- ^: 



:10 



fjrpm :t8ie jsprving ibase station BSO to mobile 
|dn the cirj|le defined by the location of the 
Co rresfxondp^ rnobile station MS1 is located 
he Idcatipn of the serving base station BSO 



In the embodiement of figure 2 



, it isrj as 



The value of the transmission time X(i 



ssufnei 



to the serving base station BSO, i.e:,;Jhe trans roTssionj time for the signals from the 
mobile stations MS1, MS2to the s6T\jng basi^ station BSO and back to the mobile 
stations MS1, MS2, are known. In|t|:^; ge^nerp icase/Ti denotes the transmission 
time from base station BSi . 



frorii the 



station MS2 is achieved as half of ;|he rpur c 

MS2 (the signal from the serving bi^se staljqn BSO to mobile station MS2 : and 
back): 



The value of the transmission time ? i 
mobile station MS2 Is achieved as; half of 
station MS1, [ 



|hat the Round Trip Times (RTTs) 



serving base station! BSO to mobile 
itrip time (RTT) for mobile station 



By using the two transmission tirhj^s|iirrtes 



MS1 and MS2, can be calculated^:: 



25 times Toi ,To2 and the transmission: titles 



propagation delay T^2 for the signa 
MS2, can be calculated , f. 



difference in propagation delay Taj ft^rth^ si(}n|ils from BS1 to the mobile stations 



The iequations for the general -i-os^e j; re 
calculations, this means that thei -:ibuatbni 



SIX. 



Printed:02- 



is: from 



I 



0 + T2 ffcSri the! serving base station BSO to 

I: ' 

He round trip time (RTT) for mpbile 



and thd receiving times T01.T02; the 



p5ortespo!^dingly, by using the two rec^ylng 



to and To + T2, the difference in 



3^2 to the mobile stations MS1 and 



rred to above are used for. the 



for thcj embodiment 



of figure 2 are 
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1^018 



lK-:52ll = r2,-rj 



As the Tdi was defined as the dlffejience 



be calculated :as Tdi- equation (2) 
as the difference in propagation dj^iE^y T, 
stations MS^ and MS2 i.e |)Afi-;i| 
equation (3) — equation (6). 

Toi .tn .T21 .T02. T12 and T22 are prjdasur 



1.1 



from BS1 to the mobile stations K/S:i and 1/152 i.eJ[Af, -5i|-|Aifj-iB,||. Tdi can 

eqilatii>itl:(S). Analogously, Tdawas defined 



apid thu? known as explained above 

15 and as it was assumed that the Rtits arb kiiivn. ttien To and X2 are knowrfc. too 



(as RTT/2). Unknown tenns are th# 



MSI is located somewhere on the 



circle d s 



fhed b|y the location of the serving 

1:1 -i. ■ V i 

base station BS1 and Ti2+Tdi. SimBbriy^ilMS 2 located somewhere on the circle 



20 defined by the location of the servinic 



Since the time of transmission frtth BS1 ic 
Similarly, T2 is unknown since tl^e time or 
unknown. 



Thus; MSI is located in a position, 
the circle defined by t^e location 6 

; I I 

the circle defined by the location oi 



I 



St I 

(3) ' 

m \ 

n- 

%6) : 

■iv I 

in 3 opagation delay Tdi for the signals 




Ml. 



cleftned by thefol 
iljtie Si^rvin||:;base 



ase 



Stall 3h BS^ and Ti2+Tdi 



, Tdji can be calculated as Td2 = 



the signals from BS2 to the mobile 



1^1, and T2- 



base s :aion BS2 and T21 +Td2. 



is unknown, Ti is unknown. 



ifransrnissKon from BS2 to MSl is 
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owing three circles: 
Station BSO and Toi, 



and 



10 



15 



20 



25 




the circle defined by the location ofoiise silati()tii^S2 and T21. and 



i\^S1 is located in a position defined^b/ tlie: 



1he circle defined by the location of^lbase sjlatioilBSI and T12. 



Ti and Tz are still unknown. \n jti 
stations are not at the same placi 
adjusting them until the three circles 
and at the same time the three biirc 



another point. The two points give 
MS2. 



e nop'-djegenerate case (when the mobile 



fol 



•:l 



Gp/ing three circles: 



the drcle defined by the location ofMk senvinih Base station BSO and T02. 
5 the circle defined by the location ofS^lse statiog;^^ ^nd T21 +Tci2 and 



and: 



Mathematically, the locations of :;:tt]i^ mpblijsjfjstations MS1 and MS2 can be 
estimated by minimizing the cost-fiintbtiohi 

Tdi = (2) - (5) and Td2 = (3) ~ (6) soihat 



Td2= jiV^, -B^-lM.-B^^T^-Tt 
Leastisquare minimization gives 



Mi, M2= arg min 

\lM,-^B,l-lM,-B,\\-T,,+T,, 



2 1: 



With the conditions given by equations (1 j 



%T2 can be found graphically by 

* • ? -i ^- ^ 

x)rTesp9nj[ding to MS1 intersect at one point 
es. c[orr^sponding to MS2 Tdi intersects at 
the Ipcatio ik of the mobile stations MS1 and 
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EXAMPLE 



In order to evaluate the likelihood of bad 



evaluated with numerical simulatioris; ancjf fconipired to a prior art method 



It should be noted that after theiiipodft ons ire calculated, the relative time 

: . v;;"], • :'• . •: • p j 

differences RTDs of the Involved Bm ai^e kn(»y^. Thfe means that, if it is desired 
to position another MS, it Is suffiai^it tb msjl* 
under the condition that the BSs do 3*cs h j ve 



In the example, three BSs are plfpi^cl H a hI*^^"^ 



randomly placed in the surrounding!; ^rea 
error corresponding to: 100 m is?- 



a^deK 



measurements performed by LMU.4:.and BSs)!lThe positions are then estimated 



with the least square method fo^ 
method with LMUs. | 



The invented method is evaluate^ 
performed and when two-dimen^'ibnal 
refererice, the standard. OTDOA rnmij)od 



CBqOP. the 



"nielitrue 



to all TOA measurements (including 



ipVti: 



The rfesults are shown in figure i< if whl 
functions or the errors for the invepl^d m 
by using LMUs. As could have been; exi 
worse performance than the OTDd. 
less expensive to implement The i^$isflr( 
GDOP properties. 



;;{jn tf|e c|^fe whjen RTT measurements . are 
es are considered. Ai^ a 
e>lra1|Liated for the same MSs. 



i£y uicu 



invented method has been 



|; meapurements in only one MS, 
n It drifted too much . 



)r6sents the cumulative distribution 
iand the standard OTDOA method 
nvented method has slightly 
but on the other hand it is rnuch 
MiaX the performance is worse Isfthe 



pattern and 1000 MSs: are 
OAs are calculated and. an 



iivented method and the OTDOA 



CLAIMS 

1. Method for location of mobile 
least two mobile stations and 

measurements performed at thie 

ii 

characterized by locatir 
by minimizing a cost-functionj 
number of equations, wherebi, ^ 
station fs a function of the lo 
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performed signal measurements 



15 



rpobi 
twd or 



ttion 



1 z 3d 



2. Method of claim l.charactji^ 

performed consist of the recej\|ihg ti^ 
system to mobile stations in thdsyste n. 



3. Method of claim 1 or 2, c h a c t e r i 2^:f|d in ^at the signal measurenrients 



performed consist of the rounC 



I 



system to mobile stations in th^ 



20 4- Method of any of claims 1 - ZM h ai> 
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Method of claim 4, c h a r a c 
station is described by two con 

Method of claim 4, c h a r a c 
station is described by three dbl 



Tip;t|m^ 
sysfwn 



mobile station is described by cptordihaiel^^ dimensions 



mobile network including at 
stations, by means of signal 
Ions and/or the base stations, 
f^re mobile stations simultaneously 
[ch!ev€id by means of a suffident 
•^-uation the location of a mobile 
station in the network, and 



ijj:that [he the signal measurements 
cjsignals from base stations In the 



8- Method of claim 4, o h a r a :c 

needed depends on the dimensi bn of thfe- 




I in that the location of the mobile 



signals from base stations rn the 



r 1 z 3 d in that the location of the 



in tiat the location of the mobile 



hat the number of equations 
nates. 
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9. Method of claim 3, c h a r a c r ||| ej 
needed depends on the knowledg^ ofl 



base stations depend on the knic 
dimension of the co-ordinates 



10, Method of any of claim 1-9, cdn ia rja.c tie r 1 z e d in that the numbert of 

'-••!} • . j - MX: 

mobile stations needed to be s)multan^^ positioned and the number of 



11. Method of any of claims 1 - 

measurements are made close-i^WpuQ 
drifted significantly. 



12. Method of claim 11, c h a r a ; 
made wrthEn one minute. 



•hi 




ql'.in that the number of equations 
Trip Times (RTTs). 



Iec^|e 9(f^ pound Trip Times (RTTs) and the 
ion of the mobile stations. 



e ir I z 



acterized in that the 
tMie so that the BS clocks have not 



that the measurements are 
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ABSTRACT 

The invention is concerned with a m 
mobile network including at least 
stations, by means of signal mea 
and/or the base stations. In the 
stations are loctaed simultaneous 
achieved by means of a sufficien) 
equation the location of a mobile s 
station in the network and performec | 
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lod of I 



by:| 



tiirHr|aang 



nupbeil 
igna 



•n 



of mobile stations within a 



l^ation s and at least three base 
performed at the mobile stations 



invention two or more mobile 
a cost-function, which is 
Jf equations, whereby in each 
Hhction of the location of a base 
;urements. 



